ABSTRACT: The objective of this study was to review published articles on the issues surrounding tight blood pressure control in hypertensive diabetics.
INTRODUCTION
H ypertension is an extremely common comorbidity of diabetes aff ecting 20-60% of people with diabetes and it is also a major risk factor for cardiovascular events as well as for diabetic microvascular complications, such as retinopathy, nephropathy and possibly neuropathy [1, 2] . Th ese diabetic microvascular complications arise due to the fact that the tissues of the eyes, Kidneys and nerves do not require insulin for glucose uptake, as muscles and adipose tissues do, and therefore are exposed to an excess amount of glucose. Th us the occurrence of hypertension in association with diabetes mellitus constitutes one of the most rapidly increasing disorders in the world. Because the benefi ts of tight blood pressure (BP) control in patients with diabetes exceed the benefi ts of tight glycemic control, and extend to the prevention of both microvascular and macrovascular complications (Table 1) . Some results of adequate evidence-based studies support an aggressive approach to the diagnosis and treatment of hypertension in reducing the incidence of such diabetic complications [3] .
Among hypertensive diabetics, macrovascular complications are more common; up to 80% of patients with type 2 diabetes will develop or die of macrovascular disease [4] , and the costs associated with macrovascular disease are greater than those associated with microvascular diseases [5] .
Hypertension in Diabetic Populations
Epidemiological studies and therapeutic trials have often used diff erent criteria to defi ne hypertension in diabetic patients. Studies in the general population indicate an increased risk of cardiovascular disease with an increase in level of blood pressure. Th us an increase in diastolic or systolic blood pressure of 5mmHg is associated with a concomitant increase in cardiovascular disease of 20-30% [6] . Studies in diabetic populations have shown a markedly higher frequency of the progression of diabetic retinopathy when diastolic blood pressure is in the excess of 70mmHg [7] .
Most epidemiological studies have used a categorical defi nition of hypertension, using levels of 160mmHg for systolic and 90mmHg for diastolic blood pressure. Based on the evidence from clinical trials showing clinically signifi cant benefi ts of treating diabetic individuals to lower levels of blood pressure, these values are considered too high to serve as threshold for the defi nition of hypertension in diabetic patients.
However, the standard defi nition of hypertension by the JNC-VII [1] is a blood pressure (BP) ≥ 140/90mmHg for the general population and they recommended a lower target (130/80mmHg) for diabetic patients. Because of the high cardiovascular risk associated with BP ≥ 130/80mmHg in patients with diabetes, 130/80mmHg is considered to be the cut point for defi ning diabetic hypertension, rather than 140/90mmHg, as in the general population.
Prevalence of Hypertension in Diabetic Populations
Th e prevalence of hypertension in the diabetic population is 1.5-3 times higher than that of non diabetic age-matched groups [8] . Hypertension ultimately aff ects approximately 30% of individuals with type 1 DM and approximately 20-60% of patients with type 2 DM will develop hypertension depending on age, ethnicity and obesity [1] . Type 2 diabetes constitutes over 90% of diabetes in the United States and is associated with a 70% to 80% chance of premature death from CVD and stroke [9] [10] [11] [12] [13] . Th e concordance of hypertension and diabetes is increased in the population; hypertension is disproportionately higher in diabetics [14] , while persons with elevated BP are 2.5 times more likely to develop diabetes within 5 years [15, 16] . Th e common absence of normal nocturnal "dipping" of BP in diabetics is linked to other CVD surrogates such as left ventricular hypertrophy (LVH) and microalbuminuria [14] .
Th e coexistence of hypertension in diabetes is particularly pernicious because of the strong linkage of the 2 conditions with all CVD [11, 12] , stroke [11, 12, [17] [18] [19] [20] [21] [22] progression of renal disease [21, [23] [24] [25] , and diabetic retinopathy [26] . Th e United Kingdom Prospective Diabetes Study (UKPDS) [20] demonstrated that each 10 mm Hg decrease in SBP was associated with average reductions in rates of diabetes-related mortality of 15%; myocardial infarction, 11%; and the microvascular complications of retinopathy or nephropathy, 13%.
Screening and Initial Evaluation:
A complete medical history with special emphasis on cardiovascular risk factors and the presence of diabetic and other cardiovascular complications should be assessed initially. Blood pressure should be measured at every routine diabetes visit and should ideally be measured in the supine and standing position in order to detect the presence of autonomic neuropathy because the presence of postural hypotension should be taken into consideration when anti-hypertensive drugs are to be chosen. Th e diagnosis of hypertension in patients with diabetes should be reserved for those individuals whose blood pressure levels exceed 130/80mmHg on at least two separate occasions separated by at least one week. Initial laboratory examination should include Fasting blood sugar, oral glucose tolerance test, serum creatinine, electrolytes, HbAlc, lipid profi le, and urinary albumine excretion. Th e aim was to review published articles on the issues surrounding tight blood pressure control in hypertensive diabetics.
DATA SYNTHESIS
Relevant medical subject headings (MeSH) terms ''diabetic patients'' and keywords ''antihypertensive drugs'' to review scientifi c literatures were developed. Th ese MeSH terms and key words were used to generate MEDLINE searches that focused on English-language, peer-reviewed scientifi c literature from January 2000 through December 2008. In reviewing the exceptionally large body of research literature in anti-hypertension therapies in diabetic patients , the review focused on outcomes of importance to patients and eff ects of suffi cient magnitude to warrant changes in medical practice ("patient oriented evidence that matters" [POEMs]) [27, 28] .
Patient-oriented outcomes include not only mortality but also other outcomes that aff ect patients' lives and well-being. Studies of physiological end points (disease-oriented evidence [DOEs]) were used to address questions where POEMs were not available.
DISCUSSION Non Pharmacological Management: Behavioral Treatments
Diabetic patients with a BP of 130-139/80-89mmHg should be given lifestyle therapy alone for a maximum of three months and then, if targets are not achieved, should also be treated pharmacologically. Sodium restriction has not been tested in diabetic population in controlled clinical trials. However, in essential hypertension there has been reduction in systolic blood pressure of approximately 5mmHg and diastolic blood pressure of 2-3mmHg with moderate sodium restriction. Even when pharmacologic agents are used, there is often a better response when there is concomitant salt restriction due to the volume component of hypertension that is almost always present [29] . Since weight reduction can reduce blood pressure and improve blood glucose, control lipid levels and improve insulin sensitivity, it should be considered an eff ective measure in the initial management of mild-to-moderate hypertension.
Th e loss of 1Kg body weight has resulted in decreases in mean arterial blood pressure of approximately 1mmHg. Moderately intense physical activity, such as 30-45 min of brisk walking most days of the week, has been shown to lower blood pressure and is recommended in the JNC-VII [1] . Th e American diabetes Association (ADA) [2] has recommended that diabetic patients who are 35 years of age or older and are planning to begin a vigorous exercise program should have exercise stress testing or other appropriate non-invasive testing. Smoking cessation and moderation of alcohol intake are also recommended by JNC-VII to reduce blood pressure and are clearly appropriate for all patients with diabetes. Th ese non pharmacological strategies may also positively aff ect glycemia and lipid control [1] .
DRUG THERAPY OF HYPERTENSION IN DIABETES ACE-Inhibitors
All patients with diabetes and hypertension should be treated with an antihypertensive regimen that includes either an ACE inhibitor or an ARB [30] . Pharmacologically, both these agents should provide nephroprotection owing to vasodilation in the eff erent arteriole of the kidney. Moreover, ACE inhibitors have overwhelming data demonstrating cardiovascular risk reduction in patients with established forms of heart disease.
Th ese drugs are useful in the management of hypertension in diabetic patients who have had a myocardial infarction or congestive heart facture. Th ey are also employed in patients with or without nephropathy. ACE-inhibitors have been extensively studied in the treatment of diabetic nephropathy and are eff ective in preventing progression of retinopathy. ACE-inhibitors have benefi cial eff ects in diabetic patients and that such benefi ts are independent of their antihypertensive properties. Furthermore, these agents are considered preferred therapy in hypertensive diabetics [3, 31, 32] .
A meta-analysis of trials evaluating the use of antihypertensive in high risk patients including those with diabetes in which the ACE inhibitor therapy resulted in a 20 to 30 percent decrease in the risk of stroke, coronary heart disease and major cardiovascular events [33] . However, the study conducted by the UKPDS (United Kingdom Prospective Diabetes Study) in which the ACEI, Captopril was compared with the B-blocker, Atenolol showed the two agents to be similar in terms of reduction in macrovascular and microvascular complications [34] .
Postulated mechanisms of action of ACEIs include eff ects on the endothelium as a result of decreased vascular smooth muscle growth, decrease release of endothelin, increased fi brinolysis, and release of the vasodilatng substances: nitric oxide and prostacyclin mediated by bradykinin. Th e side eff ects of ACEIs include cough, angioedema and acute decreases in renal function.
Diuretics
Diuretics, preferably a thiazide, are fi st-line agents for most patients with hypertension [1] . Th e best available evidence justifying this recommendation is from ALLHAT [18] . Moreover, when combination therapy is needed in hypertension to control BP, a diuretic is recommended as one of the agents used [1] .
Th iazide diuretics have been shown to be of immense benefi t to patients with diabetes and systolic hypertension. Th e systolic Hypertension in the Elderly Program (SHEP) [35, 36] trial was established to assess the eff ect of low dose diuretic-based antihypertensive therapy on the rates of major cardiovascular events in older patients with isolated systolic hypertension and diabetes. At the end of the study, it was discovered that low-dose Chlorthalidone therapy was eff ective in preventing major cardiovascular events in older non-insulin treated patients with diabetes and isolated systolic hypertension. Th iazide diuretics, when given in very low dosages, (e.g hydrochlorothiazide 12.5mg per day) are generally well tolerated and not associated with adverse metabolic eff ects.
Th is class of diuretics is not as eff ective in patients with renal insuffi ciency; in such; patient, loop agents, say frusemide are preferred.
Diuretics are said to be superior to α-blockers, CCBs, and ACEIs in preventing one or more forms of CVDs, including stroke and heart failure [37, 38] and its low cost which is well appreciated in such an economy.
Th e exact hypotensive mechanism of action of diuretics is not known but has been well hypothesized. Th e drop in BP seen when diuretics are fi rst started is caused by an initial diuresis. Diuresis causes reductions in plasma and stroke volume, which decreases cardiac output and BP. Th is initial drop in cardiac output causes a compensatory increase in peripheral vascular resistance.With chronic diuretic therapy, extracellular fl uid and plasma volume return to near pretreatment values. However, peripheral vascular resistance decreases to values that are lower than the pretreatment baseline. Th is reduction in peripheral vascular resistance is responsible for chronic antihypertensive eff ects. Th iazide diuretics have additional actions that may further explain their antihypertensive eff ects. Th iazides mobilize sodium and water from arteriolar walls. Th is eff ect would lessen the amount of physical encroachment on the lumen of the vessel created by excessive accumulation of intracellular fl uid. As the diameter of the lumen relaxes and increases, there is less resistance to the fl ow of blood, and peripheral vascular resistance drops further. High dietary sodium intake can blunt this eff ect, and a low salt intake can enhance this effect. Th iazides also are postulated to cause direct relaxation of vascular smooth muscle. Th is theory is based on the known mechanism of action of diazoxide, which is a direct vasodilator that is structurally related to thiazide diuretics.
Angiotensin Receptor Blockers (ARBs)
Studies have shown that losartan, irbesartan and valsartan therapies produced a renoprotective eff ects and microalbuminuria reduction independent of their blood pressure lowering eff ects in patients with type 2 diabetes and nephropathy. Valsartan lowered urine albumin excretion to greater degree than amlodipine in type 2 diabetic patients who have concomitant microalbuminuria [39] [40] [41] .
Calcium Channel Blockers (CCBs)
Th ere are many controversies surrounding the use of the CCBs particularly the dihydropyridines in treating hypertension in patients with diabetes. Some studies have evaluated cardiovascular outcomes in patients with hypertension and diabetes who were treated with dihydropyridine CCBs. Both the Appropriate Blood pressure Control in Diabetes (ABCD) trial [42] and the Fosinopril versus Amlodipine Cardiovascular Events Randomized Trial (FACET) [43] demonstrated no signifi cant reduction in cardiovascular events with a dihydropyridine CCB compared with an ACE inhibitor.
On the other hand, the Hypertension Optimal Treatment (HOT) trial [17] , and the isolated systolic Hypertension in china study [44] , concluded that the use of dihydropyridine CCBs, as monotherapy or in combination with another agent, was associated with a reduction in cardiovascular risk.
In these studies, the decreased cardiovascular risk appeared to result from achievement of target blood pressure, rather than from intrinsic characteristics of the agent(s) used. In all the trials, many patients required the addition of an ACEI or other antihypertensive to the dihydropyridine CCB to achieve target blood pressure goals. Th e comnination of an ACEI and a dihydropyridine CCB has been shown to reduce proteinuria [45] .
Th e trials reported that non dihydropyridine CCBs (eg varapamil and Diltiazem) demonstrated reductions in cardiovascular risk when used as monotherapy. Combining a non dihydropyridine CCB with an ACEI in hypertensive diabetics is associated with greater reductions in proteinuria than if either agent is used alone.
Beta Blockers (β-Blockers)
In randomized studies involving hypertensive diabetics, in which proteinuria was examined, the β 1-selective blocker atenolol produced similar reductions in proteinuria compared with an ACE inhibitor. In the UKPDS-HDS (hypertension in Diabetes study), the β 1-blocker atenolol and the ACEI captopril were equally eff ective in decreasing the risk of diabetes-related end points and microvascular events in a large group of subjects with type 2 DM but the mean weight gain in the atenolol group was greater [32, 33] . Although the UKPDS study did not show an increased incidence of hypoglycemic episodes in the group treated with β 1-blockers, it is probably prudent to avoid the use of β -blockers in insulin-using patients who have a history of severe hypoglycemia. In other patients with diabetes, especially patients with a recent myocardial infarction where β -blockers have demonstrated effi cacy with relative reductions in mortality of approximately 25%, the benefi ts of β -blockers would appear to outweigh the potential risks [1] .
Alpha Blockers (α-Blockers)
Th ese drugs are no agents for fi rst time treatment of hypertensive diabetics but may be combined with other agents to treat poorly controlled BP. Th ey are also eff ective in treating patients with benign prostatic hypertrophy [46] .
Combination of Antihypertensive Agents
Diuretic agents in combination with adrenergic blockers have been used in several nephropathy studies and in the UKPDS -HDS [34] and SHEP [35] study.
In general, combination therapy may help to improve compliance as one drug may antagonize the adverse eff ects of another. Th e superiority of one combination regime over another has not been documented.
Th ere are supports from several randomized clinical trials for reducing systolic BP to ≤ 140mm-Hg and for reducing diastolic BP to ≤ 80mmHg. Epidemiological evidence demonstrates that BP ≥ 115/75mmHg is associated with increased cardiovascular event rates and mortality in diabetic patients. Th erefore, a target blood pressure goal of < 130/80 mmHg is reasonable if it can be safely achieved. Although there is no threshold value for BP, whether even more aggressive treatment would reduce the risk further is an unanswered question. Achieving lower levels, however, would increase the cost of care as well as drug side effects and is diffi cult in practice. Th e ideal strategy for treating hypertension in persons with diabetes is still obscure. Initial therapy for those with BP ≥ 140/90mmHg should be with a drug class shown to reduce CVD events in patients with diabetes which include ACEIs, ARBs, low does thiazide diuretics, β -blockers, and calcium channel blockers. Th ough there is no conclusive evidence favoring one class of drugs over others, it is now an established practice to begin hypertensive patients with diabetes but without microalbuminuria on an ACEI. When microalbuminuria or more advanced stages of nephropathy is present, both ACEIs (type I DM and type 2 DM patients) and ARBs (type 2 DM patients) are considered fi rst line therapy for preventing the progression of nephropathy. If the target BP goal of < 130/80mmHg is not obtained with the initial doses of fi rst line drugs, increases in doses are recommended, or the addition of a second drug from a diff erent group should be considered. Regardless of the initial treatment, it must been emphasized that most patients will require more than two drugs to achieve the recommended target and many will require three or more. Th e achievement of the target BP may be more important than the particular drug regimen used. Th iazide diuretics (low dose) have been shown to improve cardiovascular outcomes and may address the volume or salt-sensitive components of hypertension, complimenting the mechanism of action of other drugs, so these are appropriate choices for a second or third drug and can also be used as an initial agent in patients who are not at risk of any cardiovascular events (eg. dyslipidemia) or proteinuria. Non-dihydropyridine calcium channel blockers susch as verapamil or diltiazem can be used when ACEIs, ARBs, or β -blockers are not tolerated or are contraindicated or when a second or third drug is required. Actually, classes of drugs for which there are no long term data on effi cacy in improving outcomes can be used when there is intolerance to other classes, when there is specifi c indications for their use apart from treatment of hypertension (eg: α-blockers for patients with BPH and diltiazen for rate control in atrial fi brillation), or when additional drug are required to achieve the target blood pressure. Treatment decisions should however, be individualized based on the clinical characteristics of the patients, including comorbidities as well as tolerability, cost and in elderly hypertensive patients, BP should be lowered gradually to avoid complications [1] .
CONCLUSION
Treatment of hypertension in diabetic patients provides dramatic benefi cial outcomes. Target diastolic BP of < 80 mmHg appears optimal; and systolic targets of 130 mmHg or less are also reasonable. Studies that compare drug classes do not suggest obviously superior agents. However, it is reasonable to conclude that ACEIs, thiazide diuretics and angiotension II receptor blockers may be the preferred fi rst-line agents for treatment of hypertension in diabetes. ACEIs, ARBs and low dose thiazide diuretics may be the fi rst line treatments although other agents are usually necessary and goals may not be achieved even with three or four agents. Aggressive blood pressure control may be the most important factor in preventing adverse outcomes in hypertensive patients with diabetes.
